INTRODUCTION
============

A persistent primitive trigeminal artery (PPTA) is a relatively rare vascular anomaly of persistent carotid--vertebrobasilar anastomoses[@B22]. Acute ischemic stroke associated with these cerebral vascular anomalies might have an unusual pattern of involved territories. To date, among the small number of reported cases of acute ischemic stroke associated with PPTA[@B1][@B2][@B3][@B4][@B5][@B7][@B9][@B10][@B17][@B18][@B20][@B21][@B23], most involved minor ischemic stroke; only a few cases of major stroke such as an acute basilar artery (BA) occlusion have been reported in the literature[@B7].

Simultaneous occurrence of acute major cerebral artery occlusions in both the anterior and posterior circulation is a rare life-threatening condition. Although these cases result in a fatal outcome if revascularization is not performed, most cases are not indicated for intravenous thrombolysis therapy because of the extensive infarctions. However, there might be an opportunity for treatment of the posterior circulation by endovascular revascularization, which can selectively restore the patency of an occluded target vessel, because the treatable time window for the posterior circulation is said to be longer than that of the anterior circulation.

We report a rare case of acute ischemic stroke involving both the anterior and posterior circulation associated with a PPTA, treated by endovascular revascularization of the posterior circulation. The present case is the first report of acute BA occlusion that was successfully treated by endovascular revascularization via the PPTA.

CASE REPORT
===========

An otherwise healthy 67-year-old man suddenly lost consciousness and was transported to our hospital 40 minutes after symptom onset. On admission, he was comatose with a Glasgow Coma Scale score of 6 and quadriplegic, with pupillary mydriasis and absence of corneal reflexes bilaterally. The National Institutes of Health Stroke Scale score was 38. Magnetic resonance diffusion-weighted imaging (DWI) showed an extensive acute infarction in the right cerebral hemisphere ([Fig. 1A](#F1){ref-type="fig"}). Magnetic resonance angiography (MRA) showed occlusion of the right middle cerebral artery (MCA) and BA ([Fig. 1B](#F1){ref-type="fig"}). The extra-cranial vertebral arteries (VAs) were comparatively well visualized on MRA, but the intracranial VAs and the BA were poorly visualized ([Fig. 1B](#F1){ref-type="fig"}). Because electrocardiogram on admission showed atrial fibrillation, multiple acute infarctions due to cardiogenic emboli were suspected. Early ischemic changes in the territory of the right MCA were presented in more than one third of the MCA territory with a DWI Alberta Stroke Programme Early Computed Tomographic (CT) Score of 3; therefore, the use of intravenous tissue plasminogen activator was contraindicated because of the high risk of hemorrhage and endovascular revascularization of the anterior circulation was not indicated. However, the patient\'s severely impaired level of consciousness was thought to be caused by the BA occlusion and the infarction in the territory of the BA excluding the right occipital lobe was small. Accordingly, we attempted to rescue the brainstem by endovascular recanalization of the BA.

Diagnostic angiography showed reduced opacification in the segments from bilateral VAs to mid-basilar artery ([Fig. 2A](#F2){ref-type="fig"}). Carotid angiography revealed the presence of a PPTA arising from the precavernous portion of the right internal carotid artery (ICA) ([Fig. 2B, C](#F2){ref-type="fig"}). This finding was consistent with preoperative MRA that showed unusual branching from the precavernous portion of the right ICA ([Fig. 1B](#F1){ref-type="fig"}). Because the sizes of bilateral VAs were relatively small, we choose the anterior-to-posterior circulation approach for thrombectomy.

We selected the PPTA as the access route for the BA, and an 8 Fr Merci Balloon Guiding Catheter (Concentric Medical, Mountain View, CA, USA) was inserted into the origin of the right ICA. A Merci Microcatheter (Concentric Medical, Mountain View, CA, USA) was introduced into the BA through the PPTA, and the BA occlusion was crossed with the microcatheter. Simultaneous angiography from the guiding catheter and the microcatheter indicated the location of the clot ([Fig. 2D](#F2){ref-type="fig"}). Because the infarction in the territory of the right posterior cerebral artery (PCA) was extensive, we chose the left PCA for positioning the microcatheter distal to the clot. A Merci Retriever V 2.5 Soft (Concentric Medical, Mountain View, CA, USA) was inserted into the left PCA and retrieval was performed slowly ([Fig. 2E](#F2){ref-type="fig"}). However, the clot was not retrieved and the occlusion was not recanalized. Although we also used a Merci Retriever V 2.0 Firm (Concentric Medical, Mountain View, CA, USA), the result was the same. Because we thought the clot was hard, we positioned the microcatheter at the origin of the occlusion and performed local intraarterial thrombolysis with 12000 IU of urokinase with the intention of softening the clot. We then used the Merci Retriever V 2.0 Firm again for mechanical thrombectomy and the BA occlusion was successfully recanalized. A small amount of the clot was retrieved, but the distal arteries of the left PCA were occluded by thrombus. Therefore, we added an intraarterial infusion of 12000 IU of urokinase into the left PCA. Although the distal arteries of the PCA were not completely recanalized, we terminated the intraarterial thrombolysis to avoid urokinase-induced hemorrhage. The final angiography showed relatively successful revascularization of the BA occlusion with a Thrombolysis in Cerebral Infarction (TICI) score of 2B ([Fig. 2F, G](#F2){ref-type="fig"}). Brain CT after the endovascular treatment showed no intracranial hemorrhage. Magnetic resonance imaging at 24 hours after treatment showed relatively small, new infarctions in the left occipital lobe, left thalamus, and midbrain compared with DWI on admission without marked extension of infarctions in the right MCA area ([Fig. 3A](#F3){ref-type="fig"}). MRA showed good patency of the BA after endovascular revascularization ([Fig. 3B](#F3){ref-type="fig"}). The infarction in the territory of the right MCA did not extend thereafter and did not require any surgical procedure such as external craniectomy.

After treatment, the patient\'s consciousness and right motor weakness improved. At 90 days after treatment, although his left hemiparesis was moderate, he was lucid and able to eat using his right hand, with a modified Rankin Scale score of 3.

DISCUSSION
==========

The present case raises some important clinical issues. First, although persistent carotid-vertebrobasilar anastomoses such as a PPTA are relatively rare vascular anomalies, the possibility of their presence should be considered when diagnosing and treating a patient with acute ischemic stroke. Second, for endovascular revascularization in cases of acute BA occlusion, persistent carotid-vertebrobasilar anastomoses are good access options when available, as was shown in our patient. Finally, the present case is a rare case of major artery occlusions in both the anterior and posterior circulation occurring simultaneously.

A PPTA is a relatively rare vascular anomaly, but is the most common carotid-vertebrobasilar anastomosis, with a reported incidence of 0.03--2.2%[@B22]. It usually arises from the cavernous or precavernous portion of the ICA and terminates at the BA between the origin of the superior cerebellar artery and anterior inferior cerebellar artery. Among the reported cases of cerebral ischemia associated with a PPTA[@B1][@B2][@B3][@B4][@B5][@B7][@B9][@B10][@B17][@B18][@B20][@B21][@B23], most involved relatively small infarctions in the territory of the BA because of artery-to-artery embolism of plaques in cervical carotid artery stenosis or dissection. Only a few cases of major stroke, such as an acute BA occlusion, have been reported in the literature[@B7]. However, major ischemic stroke with an unusual pattern of involved territories may be associated with these cerebral vascular anomalies. In the present case, the infarctions involved both the anterior and posterior circulation, and this was suspected to be due to the same cardiogenic embolus passing through the ipsilateral ICA.

There are few reports of endovascular treatment for cerebral ischemia associated with a PPTA. Fuse et al.[@B2] reported a case of acute occlusion in the terminal portion of an ICA associated with a PPTA that was treated by local intraarterial fibrinolysis using urokinase in the ICA. Ito et al.[@B7] reported a case of acute BA occlusion associated with a PPTA that was treated by local intraarterial fibrinolysis using urokinase, but the VA in that case was not hypoplastic and the access route for the BA was not mentioned. In the cases of other vascular diseases closely associated with a PPTA such as aneurysm or arteriovenous fistula involving the PPTA, endovascular treatment using the PPTA as the target vessel was well described[@B8].

Concerning the anterior-to-posterior circulation approach used in the present case, there are few reports of endovascular revascularization for acute ischemic stroke. Liu et al.[@B14] reported a case of endovascular revascularization for acute BA occlusion via a posterior communicating artery. Although there are two reported cases of coil embolization of a posterior circulation aneurysm via a PPTA[@B6][@B19], to our knowledge, the present case is the first report of endovascular treatment for acute BA occlusion via a PPTA. Because the PPTA was larger than the VAs in the present case, we chose the PPTA as the access route for the BA. We used a Merci Retriever because it was the only approved device for mechanical thrombectomy at that time. However, revascularization was not achieved after two passes using two types of Merci Retriever. The clot was thought to be hard because we felt substantial resistance on traversing the occlusion with the microcatheter. It has been reported that combined mechanical and intraarterial pharmacological therapy was associated with higher recanalization rates than either intervention alone, and softening the clot by thrombolytic agent was considered to be one of the mechanisms[@B11]. In addition, it has been reported that multiple number of Merci retrieval attempts increased the risk of complications such as subarachnoid hemorrhage[@B15]. Therefore, we used adjunctive intraarterial thrombolysis with urokinase for softening the clot before further retrial of mechanical thrombectomy. We started with urokinase of 12000 IU according to the method of the MCA embolism local fibrinolytic intervention trial (MELT)[@B16], and successful revascularization was achieved with the additional use of the Merci Retriever. However, the possibility of vascular damage must be considered because the PPTA is a relatively tortuous vessel. No hemorrhage was detected in our case, but patients should be monitored carefully for hemorrhagic complications such as subarachnoid hemorrhage. In the present case, the TICI score was 2B and new infarction in the territory of the left PCA was observed in the postoperative magnetic resonance imaging. Other devices such as large bore aspiration catheter and stent retriever, which might be safer for vascular damage and more effective for revascularization than the Merci Retriever, could also be used via the PPTA.

The present case is a rare case of major artery occlusions in both the anterior and posterior circulation occurring simultaneously. Many published case series have demonstrated that the time window for revascularization of the posterior circulation is longer than that of the anterior circulation, and it has been speculated that the territory of the BA has different collateral flow patterns and lower hemorrhage rates compared with the territory of the ICA[@B12][@B13]. The present case supports the concept of a longer treatable window for the posterior circulation. Therefore, revascularization of the posterior circulation should be considered separately from that for the anterior circulation, when infarctions involve both the anterior and posterior circulation. Clinicians should be aware that the persistent primitive artery can be associated with acute ischemic stroke involving both the anterior and posterior circulation simultaneously. In this rare situation, even in patients with a major infarction in the anterior circulation, there might still be an opportunity for mechanical thrombectomy especially for a lesion in the posterior circulation, which has a longer time window for treatment than that of the anterior circulation.

CONCLUSION
==========

Although persistent carotid-vertebrobasilar anastomoses such as a PPTA are relatively rare vascular anomalies, if the persistent primitive artery is present, it can be an access route for mechanical thrombectomy for acute ischemic stroke. Clinicians should be aware that the persistent primitive artery can be associated with acute ischemic stroke involving both the anterior and posterior circulation simultaneously. In this rare situation, even in patients with a major infarction in the anterior circulation, there might still be an opportunity for mechanical thrombectomy especially for a lesion in the posterior circulation, which has longer time window for treatment than that of the anterior circulation.

![A: Magnetic resonance diffusion-weighted imaging on admission showing an extensive acute infarction in the right cerebral hemisphere. B: Magnetic resonance angiography on admission showing occlusion of the right middle cerebral artery and basilar artery (BA). Bilateral extra-cranial vertebral arteries are comparatively well visualized, but bilateral intracranial VAs and the BA are poorly visualized. An unusual branch arising from the precavernous portion of the right internal carotid artery can be seen (white arrow).](jkns-59-400-g001){#F1}

![A: Right innominate angiography showing a relatively hypoplastic right VA (left). Left vertebral angiography showing occlusion of the BA (right). The intracranial left VA is relatively hypoplastic. B and C: Right carotid angiography showing the occluded right middle cerebral artery and a persistent primitive trigeminal artery arising from the precavernous portion of the right internal carotid artery. D: Simultaneous angiography from the guiding catheter and the microcatheter indicating the location of the clot. E: Radioscopic image showing the Merci Retriever inserted into the left posterior cerebral artery. F and G: Final angiography after the endovascular treatment showing recanalization of the BA. VA: vertebral artery, BA: basilar artery.](jkns-59-400-g002){#F2}

![A: Magnetic resonance DWI at 24 hours after treatment showing new, relatively small infarctions in the left occipital lobe, left thalamus, and midbrain compared with DWI on admission. B: MRA after treatment showing good patency of the BA after the endovascular revascularization. DWI: diffusion-weighted imaging, BA: basilar artery.](jkns-59-400-g003){#F3}
